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Summary

OnJuly 11 and 12, 1991, afire engulfed a motor pool at the U.S. Army’s Camp Doha, in Kuwait.
Thisfire engulfed combat-ready military vehicles, including M1A1 tanks, Bradley Fighting Vehicles, and
ammunition carriers, as well as stacks of stored ammunition. After the fire was out, this area remained
extremely hazardous because some of the ammunition had caught fire or exploded from the heat and
distributed unexploded ordnance (UXO) over awide area. Although this UXO was far more hazardous
and serioudly life threatening, another type of potentially hazardous material was also |eft behind: the
partially oxidized remains of DU penetrators from 120-mm series anti-armor rounds and the DU oxide
dust generated by the heat of the fire. Depleted uranium is a mildly radioactive material and a heavy
metal. This analysis of the Camp Doha fire focuses on the levels of DU to which workers may have been
exposed and the resulting radiological and chemical toxicological risks to personnd from this exposure.

This report describes scenarios of how Army and contractor personnd may have been exposed to DU
during and after thefire. The scenarios are based primarily on reports that described the conditions and
activities that occurred during and after thefire. The assumptions and uncertainties used in constructing
the scenarios are documented. The scenarios attempt to describe conservative but reasonable exposure
conditions that may have existed at Camp Doha. During the fire, personnd may have inhaled DU that
was entrained in the smoke plume from the fire. After thefire, personnd may have handled DU
penetrators and ingested or inhaled DU-containing dust during the decontamination and cleanup activities
that occurred in the months following the fire. The exposure scenario for the decontamination and
cleanup activities consists of four major activities. Thefirst activity involved the recovery work that
preceded decontamination and cleanup. During this activity, DU was suspended in the air by wind
erosion. The second activity involved the removal of DU oxide piles formed from burned DU
penetrators. The third activity involved sweeping of the contaminated area, an action that would have
caused DU dusts to be suspended in air. The fourth activity involved sweeping of the contaminated area a
second time, during which, remaining DU would again have been suspended in the air by the sweeping
action. After the second sweeping, essentially all DU was removed from the area.

This report also contains the results of dose calculations, both chemical and radiation doses, that may
have been received by personnd who were downwind of the fire, and by personnd who participated in
the decontamination and cleanup activities. Two types of calculation were performed for this study:
exposure calculations and dosimetry calculations. The exposure calculations estimate the air
concentrations of DU to which the personnd may have been exposed. The chemical dosimetry
calculations estimate the maximum concentration of uranium in the target organ due to the exposure
scenario activities. For uranium, the target organ is usually identified as the kidney. The radiation
dosimetry calculations estimate the CEDE that would have been received from activities described by the
exposure scenario.

Theresults of the calculations of concentrations and doses from the scenarios during the fire and from
post-fire activities, uncertainties encountered, and estimated doses are described below.



Exposure from DU Oxidesin the FirePlume

- During the phase of thefire that produced the highest uranium air concentrations, the estimated
average air concentration was 3.5 10”7 g-U/m® at the location of highest concentration. This
concentration is well below the ACGIH limit of 2~ 10 g-U/m*for workers exposed daily to uranium
inair and represents a low concentration. This air concentration is also below the NRC limit for
exposures of the general public to insoluble uranium. No workers were reported to have been present
(or remained) in or near this area during the fire.

- The maximum radiological doseto aworker located in the position of highest air concentration for
the full duration of the fire was calculated to be 0.000003 rem (CEDE), wdl below the annual limit of
0.10 rem for exposure by a member of the public.

- The chemical dose assessment estimated the maximum concentration to the kidney of a person
located at the position of highest air concentration for the duration of the fire would have been
approximately 2.8~ 107 ng-U/g of kidney. This concentration is well below 3 ng-U/g of kidney,
which is the concentration of uranium in the kidney thought to cause kidney damage in humans.

Exposures and Doses from Recovery and Cleanup Activities

- During the recovery and cleanup activities, the estimated air concentrations ranged from
387 10°gm’to4.2” 10" g/m’. Theseair concentrations, when averaged over the course of ayesr,
are beow the NRC limit when adjusted for particle size distribution for occupational exposure to
airborne uranium, but they are greater than the NRC limits for exposure of the general public to
uranium. These estimated air concentrations are greater than 2~ 10 g/m®, which is the ACGIH limit
for continuous exposure to uranium (the TWA), but are lower than 6~ 10™ g/m?®, the ACGIH limit for
short-term exposures (TLV-STEL). The ACGIH air concentration limit was exceeded for only three
weeks.

- The chemical assessment estimated that the maximum concentration of uranium in the kidney of the
most highly exposed workers was 9.5~ 10 ng-U/g of kidney. This concentration is below 3 ng-U/g
of kidney, which is the concentration of uranium in the kidney that is thought to cause kidney damage
in humans. The estimated chemical dose is low even though the air concentrations were high because
only small amounts of the uranium would be deposited in the lung; most of the dust particles weretoo
large to beinhaled.

- The estimated radiological dose received by the most highly exposed workers was 0.065 rem. This
doseislessthan 0.1 rem, which is the NRC annual dose limit for individual members of the public.

Uncertainties Encountered
This study relied primarily on eyewitness accounts, some of which were conflicting. Also, because

there was no air monitoring performed during these activities, it was necessary to estimate many
quantities that were used to calculate the doses received.



- Although the tatal inventory of DU munitions was known, the quantity of DU oxide formed during
the fire was not known. There were no measurement data to assist in this determination.

- The day-by-day location of each recovery worker was also not known. Only general descriptions of
job categories and type of work performed were available.

- No resuspension factors have been measured specifically for DU. It was necessary to use
resuspension factors from studies done with different materials.

- Particle size distribution greatly influences the chemical and radiological doses received by workers.
The particle size distribution of the DU oxides that remained close to a burned penetrator was based
on dust samples from two penetrators that were burned in awood and diesd fud fire. It is assumed,
but not certain, that the particle size distribution of DU oxides from the test burnis similar to that of
the Camp Doha fire oxides.

Estimated Doses

The estimated chemical and radiation doses to personnd who were at Camp Doha during thefire and
who participated in the decontamination and cleanup activities following the fire arelow. The estimated
doses are all below the limits set by U.S. regulatory agencies. The estimated air concentrations of DU
oxide to which the workers may have been exposed were high, but only for a few weeks rather than for a
full year. The estimated chemical exposures that occurred during decontamination of the area and the
first sweeping exceeded the ACGIH limits, but for only 2 weeks. The estimated chemical dose,
represented by the concentration of uranium in the kidney, did not exceed the recommended limits. The
radiological exposures did not exceed the limits for occupational exposure to airborne uranium. The
radiological exposure limits for exposure of members of the general public were exceeded but only for
approximately 3 weeks. The radiological dose received by the most highly exposed group of individuals
did not exceed the dose limit for members of the general public.
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